NASA TECHNICAL TRANSLATION 


TM-75139 

i 




TEMPERATURE DISTRIBUTION IN THE HUMAN BODY UNDER VARIOUS 
CONDITIONS OF INDUCED HYPERTHERMIA 

0. V. Korobko, T. L. Perel'man and S, Z. Fradkln 


Translation of '’Zavislmost ’ raspredelenlya temperatury v tele 
cheloveka ot rezhlmov provedenlya gipertermli , " Inzhenerno- 
fizicheskiy zhurnal, Vol. 28, No. 1, 1975, pp. 113-118 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D.C. 20546 AUGUST 1977 


STANDARD TITLE PAGE 


1. Report No. 

TM-75139 


2. Government Accession No. 


3. Recipient’s Cotolog No. 


4. Title ond Subtitle 

TEMPERATURE DISTRIBUTION IN THE HUMAN 
BODY UNDER VARIOUS CONDITIONS OF IN- 
DUCED HYPERTHERMIA . 


5. Report Dote 

. August 1977 


6. Performing Orgonisotion Code 


7. Author(s) 

0. V. KorobkOjT. L. Perel'man and 
S. Z. Pradkln 


8. Performing Organixotion Report No. 


10. Work Unit No. 


9. Performing Orgonixotion Nome ond Address 

Leo Kanner Associates 
Redwood City, California 9^063 


1 1 . Controct or Grant No. 

NASw-2790 


12. Sponsoring Agency Nome ond Address 

■ National Aeronautics and Space Admin- 
Istration. Washington. D.C. 20546 


13. Type of Report ond Period Covered 

■ Translation 


14. Sponsoring Agency Code 


15. Supplementary Notes 

Translation of "Zavisimost ' raspredeleniya temperatury v 
tele cheloveka ot rezhlmov provedenlya gipertermll, " In- 
zhenerno-flzlcheskly zhurnal, Vol. 28, No. 1, 1975, pp. 113- 
118 . • 


16. Abstroct 

A mathematical model based on heat balance equations is 
developed for studying temperature distribution in the human 
body under deep hyperthermia. The model yields results 
which are in satisfactory agreement with experimental data. 
The distribution of temperature under various conditions of 
, Induced hyperthermia, l.e. as a function of water tempera- 
ture and .supply rate, is examined on the basis of tempera- 
ture distribution curves in various body zones. 


17. Key Words (Selected by Author(s)) 


18. Distribution Statement 


Unclassified-Unlimited 


19. Security Classif. (of this report) 

20. Security Clossif. (of this poge) 

21* No. of Poges 

22. Pried' • 

Unclassified 

Unclassified 




mA$A-HQ 



TEMPERATURE DISTRIBUTION IN THE HUMAN BODY UNDER VARIOUS 
CONDITIONS OF INDUCED HYPERTHERMIA 

0. V. Korobko, T. L. Perel'man and S. Z. Pradkin 

There is. currently much optimism in oncological practice 
with regard to a complex therapy Involving Induced hyperthermia 
(hyperoxldatlon) as a means of treating certain forms of malig- 
nant tumors. One of the main components of this therapy is hy- 
perthermia, a process in which the human body is heated to 40- 
42° and kept at this temperature for a prolonged period of time 
(I 5 O- 3 OO minutes). For reasons of safety the temperature of the 
brain must be kept 1-1.5° lower than the temperature of the body 
"core" during induced hyperthermia; this is achieved by artifi- 
cially cooling the head [1, 2]. 

For the successful inducement of hyperthermia, it is' neces- 
sary to know the temperature distribution in the human body dur- 
ing the simultaneous heating, of the torso and cooling of the head 
as well as the dependence of this distribution on the conditions 
under which the hyperthermia is induced. 

To solve the problem of temperature distribution in the hu- 
man body, we shall utilize the following model. The body is 
first divided into arbitrary layers (zones), and heat balance 
equations are set up for each layer. The number of layers (zones) 
depends on the specifics of the problem at hand and the accuracy 
with which it must be solved. In our case a four-zone model is 
sufficient (consisting of the skin, the "core," the brain and 
the "shell" of the head). Let us further assume that: 


* Numbers in the margin indicate pagination in the foreign text. 
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1) the chief mechanism of heat transfer is convection, re- 
sulting from blood flow [3]; 

2) the blood Instantaneously acquires the temperature of 
the zone in which it is located;' and 

3) the volume blood-flow rate is a linear function of tem- 
perature. 


Based on these assumptions, the system of heat balance equa- 
tions describing the temperature distribution in the human body 
is as follows: 
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The initial conditions: for t = 0, t^ = t?, where 1=1, 2, ..., 6. 
In deriving equation system (1), it was taken into account that 


G, = G? 1 1 + diifi- i - 0, 3, : 

G, = G? 1 1 -h d, {tj - 33)1, / = i. 4. . ■ (2>: 
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The 


coefficients 



and were determined from expression 
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Equation system (1) was solved for specific values of its 
coefficients with the aid of the "Minsk 22" electronic computer. 

A comparison of the results obtained with experimental data shows 
that the model satisfactorily describes- the temperature distri- 
bution in the human body. 

We shall now examine the dependence of temperature distri- 
bution dynamics in the human body on the conditions under, which 
hyperthermia is induced. 

1. Dependence of temperature distribution in the human body 
on the temperature of the hot water. 

Let. the temperature of the water used to cool the head tg = 
const, and let us assume that the coefficients and a^, associ- 
ated with the rate at which the hot and cold water are supplied 
to the body and head Surface, respectively, are also constant. 

We shall examine the temperature distribution in the body for 
various hot-water temperatures t^. 

Analysis of the temperature distribution curves, in Fig. 1 
indicates that: 


3 



1) the higher the value of t^, the higher the temperatures 
of the different body zones; 

2) the higher the value of t^, the more time Is required 
for the system to achieve a steady state; 

3) for any value of t^, the Inequality t^^ < t^ < t^ < t^ < 
t^ Is satisfied In the steady state; 

the temperature difference between the different body 
zones (for large values of x) depends only very slightly on the 
value of t^. 

b ' 

Thus, by changing the hot-water temperature t^ we change 
only the absolute value of the temperatures In the various zones 
but effect practically no change In the relative temperatures of 
the zones . . 



Fig. 1. Temperature distribution In the human 
body as a function of hot-water temperature: 
a - In skin; b - In body core; c - In brain; 
d - In head shell; 1 - tj- = 42°; 2 - 4l°; 3 - 
40°. ^ 
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2. Temperature distribution in the human body for various 
values of the coefficient a^. 

Let the , temperature t^ = const, tg = const and the coeffi- 
cient = const. We shall examine the dependence of the tem- 
perature distribution on the value of the coefficient a^, which 
is a function of the supply rate of heated water to the body sur- 
face (Pig. 2 ) . 



Fig. 2. Temperature distribution in the human 
body as a function of the value of the coeffi- 
cient a,: a - in skin; b - in body core; c - 

• in brain; d - in head shell; 1 - ct, = 1.8; 2 - 
1 . 2 ; 3 - 0 . 8 . ^ 

As Fig. 2 shows, the higher the value of a^, the more ra- 
pidly the system achieves a steady state; Since artificial cool- 
ing of the head was begun only at t^ > 39, the curves (Fig. 2, c 
and d) are shifted to the right. This is entirely reasonable if 
we consider that the rate of temperature rise in the body zones 
increases with the value of the coefficient . , 


/116 


5 


■ 3* Dependence of the temperature distribution in the human 

body on the temperature of the water cooling the head. 


Let us assume that the temperature t^ and the coefficients 
and are constant. We shall consider the dynamics of tem- 
perature distribution in the body as a function of the tempera- 
ture tg of the water used to cool the head (Pig. 3). 



Fig. 3* Temperature distribution in the human 
body as a function of the temperature of the 
water cooling the head: a - in the body core; 

b - in the brain; c - in the head shell; d - in 
the region of the tympanic membrane; 1 - t^ = 
60; 2-4°; 3-2°; 4 0.5°. 


Pig. 3 shows that a change i^tg has practically no effect' 
on temperature dynamics in the core (Fig. 3 , sl) or the skin (not 
shown in Figure). Moreover a change in tg under conditions of 
general hyperthermia has no significant effect, based on the 
mathematical model, on the temperature of deeper brain layers 
(Fig, 3, b) and mainly affects the temperature of its more super 
flclal layers (the "head shell"^) [Footnote next page]. These 
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results are of practical importance. First, brain-temperature 
determinations are frequently based on the temperature in the 
region of the tympanic membrane. It can be shown that this tem- 
perature, t, is the resultant between the brain temperature t^ 
and the head-shell temperature t|^,. i.e., t .= n^t^ + where 

n^ ■< -1, n^ < 1. 

. Hence, a temperature drop in the region of the tympanic 
membrane (Fig. 3, d) apparently does not imply a commensurate 
drop in the temperature of the brain. 

Second, the weak correlation between brain temperature and 
the temperature of the cooling water makes excessive cooling of 
the water unnecessary, thereby simplifying the apparatus in- 
volved.- Third, a serious effort should be made to develop meth- 
ods enablings a higher temperature gradient .to be established be- 
tween the body core and the brain. during hyperthermia (by cool- 
ing, .the neck, for example). . - . 

4. Temperature distribution in the human- body for various 
values of the coefficient a^. 

Assume that the temperatures t^ and tg and. the coefficient 
are constant'. Let us examine the dependence of the tempera- 
ture distribution in the body on the value of the coefficient 
which reflects the supply rate of cooling water to the head (Fig. 4 

As Fig. 4 shows, a change in effects practically no change 
in the core temperature (Fig. 4, a) or the skin temperature (not 
shown in Figure). The brain temperature undergoes appreciable 
changes, although in this case they are smaller than the tempera- 
ture changes in the region of the tympanic membrane would suggest. 

1. The "brain" and "head shell" zones were arbitrarily selected. 
Our results therefore require thorough investigation and ex- 
perimental corroboration. 
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Fig. 4. Temperature distribution In the human 

• . body as a function of the value of a^, : a - In 

■ the body core; b - In the brain; c -^in the 

• ■ . head shell; d - in the region of the tympanic 

■■ membrane;. 1- = 0.6; 2-0. 8; 3 - '1.0; 4- 

^ ^ ■ • 

A comparison of the results presented In sections 3 and 4 
Indicates that a change In the value of the. coefficient l.e. 

a change. In the rate of cooling-water supply to the head surface. 
Is a more efficient means of lowering the brain temperature than 
a decrease in the temperature .of the cooling water. Since the 
core temperature (for sufficiently high values of a^) Is affected 
little by a change In the temperature gradient At = t 2 - t^ 

Is . Increased, leading to significant practical benefits. 

Thus, by varying the temperature t^ we can regulate the level 
of the steady state In the human system. By varying the coeffi- 
cient a^, we can strongly influence the time needed to achieve 
this level; and by varying we can regulate the temperature 
gradient between the different zones of the body. 
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Nomenclature 


t = t, temperature ,(°C); t*, standard temperature (°C); 

m, mass (kg); c, specific heat (J/kg*deg); G, mass blood-flow rate 

(kg/s); a, coefficient of heat transfer between surface and 

transfer medium (W/m *deg); k, thermal conductivity (W/m*deg); 

2 

B, basal metabolism (W); S - surface area (m ); i, thickness of 
the' "head shell" (m); the subscripts 1, 2, 3, 5, 6, 7, 8, 9 

refer to the skin, core, brain, head shell,- hot water, cold water, 
blood, neck and air, respectively. 
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